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Abstract. Crossing in private property of the lands has allowed the development of 
subsistence agriculture in the most unusual areas. In this situation are some lands located the near of 
old tailings from the perimetre of Baia Mare city. In this study we performed the agrochemical 
evaluation (some macro and micronutrients) of two soils located upstream and downstream of the triad 
of the tailings ponds: Sasar, Aurul and Remin. These areas are experimental plots in a study 
concerning on evaluation of the nitrogen regim under the influence of mining tailings deposited in 
these dumps. Determined values were compared with expected values in MESP-1987 and under the 
Order no. 756/1997 for the soils with sensitive use. The study revealed that the nitrogen regime is 
strongly affected by accumulation of the some potentially toxic elements, from the tailings stored for 
decades in these locations. 
 




The Baia Mare city is located in the depression with the same name, at the contact the 
Oas-Gutai Mountains at the N-NE, the Tisa Plain at the NV  and the Somesene Hills at S-SE. 
The old activities of mining, processing and preparation of non-ferrous ores and gold-
silver mining from basin of Maramures had developed hundred of mining dumps and tailings 
ponds. 
In the west of Baia Mare are three ponds: the Sasar old pond - out of business in 1982, 
the Remin pond - out of business in 2006 and Aurul pond - now in preservation. The latter 
dam is the only whose surface at the ground is waterproof with a geotextile membrane (figure 
1). 
The soils perimetral to these ponds are private property and constantly cultivated, most 
often with corn. Location near these deposits have a strong impact on their quality status. 
Numerous studies have shown that these soils presents overtaking of normal value of various 
chemicals, especially metals, reported to the values imposed by regulations in force - the 
Order 759/1997, Annex 1 - regarding the state of soil quality. 
 
MATERIALS AND METHODS 
 
Numerous studies performed in time have pointed the polluted areas adjacent to Baia 
Mare city. In this area are located the two experimental plots; the soil samples were collected 
from this plots, for this study. These lots are located upstream (at the exit of the village Sasar) 
and downstream (on the outskirts of the village Bozanta) of the three ponds (figure 1).  
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The considered lands were not subject to any agricultural activities or the grazing, in 
the period of 2008-2010. On this plots, with an area of 600 square meters, were selected the 
sampling points, in March 2011.  
 
 
Fig. 1. The place of research and sampling points (Source: Google Earth) 
 
The geographic position of the experimental plots was marked in figure 1, after lifting 
in advance on the ground, the coordinates using a GPS device, the Garmin type. 
The soil samples were collected in accordance with STAS 7184/1-1984, in March 
2011. From the wish to characterize the real agrochemical state of the soil, each lot was 
parceled into nine areas with size 17m * 4m and the intersection of the diagonals was 
considered the point of sampling. From this three subsamples was made a single sample, 
homogeneous, which was subjected to laboratory analysis, thus obtaining 3 samples for each 
plot: S1, S2, S3 - for Sasar area and B1, B2, B3 - for Bozanta area. (figure 2). 
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The samples for Sasar area are coded: 
S1, S2, S3. 
 
 
The samples for Bozanta area are 
coded: B1, B2, B3. 
 
 
Fig. 2. – Parceling the plots and coding the samples  
 
 For analisys the considered indicators: pH, humus, total nitrogen, iron, manganese and 
copper iron were use the equipment, metrological and calibrated checked, as follows: 
• pH was measured using a WTW pH meter, type InoLab730, in an aqueous solution, in 
a ratio of 1/2.5; 
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• humus and total nitrogen were determined by titration and and the mineral forms of 
nitrogen by molecular absorption spectrophotometry; 
• the metals  (iron, manganese and copper) were determined by flame atomic absorption 
spectrometry and graphite furnace with a Perkin Elmer atomic absorptio spectrometer, type 
Aanalyst 700. 
 
RESULTS AND DISCUSSION 
 
In the research area, the meadow terrace, the soil type identified, for each area is: 
- Stagnosol typical, strong stagnogleyed, loamy clay / clay, rezidual noncalcareous 
deposits / noncalcareous loam, moderate compacted, arable - the upstream surface of ponds, 
village: Being Sasar; Study of OSPA. 
- Gleysoil distric, strong gleyed, loam-clay, rezidual noncalcareous deposits / 
noncalcareous clay, arable - for the downstream surface of ponds belonging to the village 
Bozanta. Study of OSPA. 
These soils are associated with preluvosoil, luvosoil and gleysoil. 
The indicators considered were determined in accordance with valid analysis standards 
and the values obtained were reported in the Methodology of Institute of Pedological and 
Agrochemical Research Bucharest (MESP, 1987). 
 Reaction of the ground (pH). Determining the pH of the soil samples taken, was 
done in accordance with SR ISO 10390-1999, in aqueous solution, in relation soil/water = 
1/2.5. Interpretation of results was performed in accordance with the classification limits 
stipulated in the MESP, 1987. Thus, soil samples fall within the category [3, 5]: weak and 
moderate acid, as shown in table 1. 
Tab. 1 
The values of reaction of the ground 
 
Sample code pHH2O (pH units) The interpretation of results 
S1 5.16 moderately acidic 
S2 5.42 moderately acidic 
S3 6.05 weak acid 
B1 5.80 moderately acidic 
B2 6.41 weak acid 
B3 5.85 weak acid 
 
The regim of nitrogen. To determine the supply level with nitrogen we have 
determined total nitrogen content by Kjeldahl method [8] and the mineral forms of nitrogen 
(nitrate and ammonia nitrogen) using spectrophotometric methods and the specific staining 
reagents. 
The values obtained for all forms of nitrogen mineral indicate a medium fertility of the 
both groups, total nitrogen fits in the category with lower content after regulations of MESP, 
1987 [5] (table 2). 
The ratio of percentage content of ammoniacal nitrogen and total nitrogen show that, 
all samples of the soil are clean in terms of nitrogen content. 
Humus content. The humus is reservoir of the food for the plants, since by 
mineralization by the microorganisms, provide the nutrients it contains for the plants. Of the 
humus content and its quality, depends largely the soil fertility [3]. 
The analysis of hummus content for all samples indicate the poor provision with 
hummus [5]: (table 3). 
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The simple regression analysis between the content of total nitrogen and humus, 
indicate a good correlation between values measured; the coefficient of determination is 0.82 
(figure 3). 
Tab. 2  








mg N/100 g soil 
Ammonium nitrogen 
(N-NH4), 
mg N/100 g soil 
S1 0.126 0.954 1.048 
S2 0.141 1.540 1.262 
S3 0.150 1.085 1.168 
B1 0.107 1.261 1.092 
B2 0.103 1.538 1.109 
B3 0.112 1.355 1.126 
 
Tab. 3 
The providing the soils after humus content  
 
Sample code Humus content, % Providing the soil with humus 
S1 1.816 poor 
S2 1.896 poor 
S3 1.908 poor 
B1 1.635 poor 
B2 1.771 poor 
B3 1.804 poor 
 
 
Fig. 3. The simple correlation between the content of total 
nitrogen and humus content 
 
The regime of micronutrients. For this study, from the regime of micronutrient we 
determined manganese and copper. These metals, although there is the natural background in 
any type of soil, in areas studied exist especially, due to the important  contribution of the 
tailings stored in the  three ponds. 
As a result, the three metals (Fe, Mn and Cu) were determined in their total form, in 
accordance with standard analysis [10, 11] and were compared to values provided in the Order 
no. 756/1997, Annex. 1 [6], to establish the level of pollution. 
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In order to determine the availability of transfer in the trofic chains, two metals - Mn and Cu, 
were determined in the soluble form (mobile, assimilated the plants) by simultaneous 
extraction method, with a combinated solution of EDTA 0.01 M - CH3COONH4 1N, at pH = 
7 00. In this case, the interpretation was carried out in accordance with the methodology 
developed by MESP, 1987 [5]. 
 The manganese. Manganese is one of the most abundant trace elements in the 
lithosphere and is essential in the plant nutrition and control of the microbial soil activity, 
provided that not reach toxic concentrations [1,2]. In terms of the mobility of the manganese 
is known that, the manganese is extremely mobile at the values of acidic pH of soil [1,2]. 
Reported to the values imposed by the Order no. 756/1997, Annex 1 [6], the results of 
analysis carried out, showed that, the both forms of the manganese (total and mobile) not 
exceed the normal value, established at 900 mg/kg d.s.  
The simple correlation study between iron concentration and both forms of 
manganese, reveals a very good correlation; the coefficients of determination calculated for 




Fig. 4. The simple correlation between the content of iron and manganese 
 
The copper. The copper is absorbed by plants in ionic form, is easily mobile and strongly 
bound nitrogen and protein [2]. Numerous studies have concluded that, the plants growing on 
polluted sites tend to accumulate copper [1,2]. 
Analyses performed on the samples who were taken of the two plots reveals that, the 
total copper concentrations vary considerably. 
Thus, for the soil samples taken from the site located upstream of the ponds (S1, S2, 
S3), the normal value is exceeded in all samples; most than 12.4 times and less than 8.15 
times, compared with the 20 mg Cu / kg d.s., the concentration regulated by Order no. 
756/1997, in the Annex 1 [6]. In fact, and the values of alert and intervention are outweighed 
by all samples of this plot. (figure 5). The concentrations of the total copper of the samples 
taken from the plot located downstream of the ponds, exceeds with 8% more than the normal 
value allowed by Order no. 756/1997 [6], but fits within the limits imposed by the value of the 
threshold. 
The values of the mobile copper concentrations in the plot located downstream of the 
dumps, in all samples analyzed are smaller than the normal value. The values of the mobile 
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copper concentrations in the  plot located upstream of the dumps, in all samples analyzed are 
higher than the normal value, but not reaches of the alert value. 
 
Fig. 5. The variation of the copper concentration in both forms reported  
to the Order no. 756/1997 
 
The regression analysis of experimental data shows a strong linear relationship 
between concentration of iron, copper and manganese in their mobile forms; the coefficients 
of determination calculated for the mobile manganese is 0.90 and for the mobile copper is 
0.80  (figure 6). 
 
 
Fig. 6. The simple correlation between concentration of iron, copper and 




In accordance with national legislation in force, we can appreciate that:  
• the soil reaction in both sites is in the interval moderately - poor acid; 
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• the site located upstream of the ponds is heavily polluted with metals (copper 
and manganese), in the both forms - total and the mobile and exceed the values 
required by the regulations; 
•  the site located downstream of the ponds do not present the metal pollution, 
both forms fall in the normal range required by reglementation. 
The correlation coefficients confirms data literature,  according to wich the 
geochemical natural cycle of the manganese and the copper is closely related to the iron, and 
that these cycles in both study sites is proceeding normally. 
In the site located upstream of the ponds the pollution with copper in specially, the low 
supply of the total nitrogen and the low humus content, impose a need to perform a complex 
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